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Abstract Concrete is the most practical construction material, with widespread areas of utilization,
which increase every passing day, parallel to developments in concrete production technology. A most
important invention in concrete technology, i.e., the use of curing materials during concrete production,
has favorable effects on concrete strength and provides better curing conditions for concrete. In this study,
some chemical curing materials recently used in concrete production, to provide and facilitate the curing
conditions of concrete, were investigated experimentally, in terms of their effects on the compressive
strength values of the concrete specimens produced with more than one chemical admixture. The results
were compared with those of the specimens produced under the same conditions, but cured with water
in order to determine which curing materials gave which sort of results for which kinds of concrete.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
The characteristics of concrete, such as workability, resis-
tance against physical and chemical external effects, and be-
ing economical etc. caused concrete to have a widespread use
in construction. Moreover, concrete became a more effective
construction material, except for its classical characteristics, as
a result of new improvements in concrete production by ap-
plication of new techniques and materials for improving the
characteristics of fresh and hardened concrete. The addition of
concrete admixtures is a frequently used application in concrete
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Open access under CC BY-NC-ND license.production, recent studies of which proved their favorable ef-
fects on the characteristics of concrete [1–7].
Although the use of concrete admixtures is not obligatory
in concrete, nowadays, concrete production without any
admixture decreases with every passing day. The use of
admixtures becomes inevitable in terms of saving time and
improving the characteristics of both fresh and hardened
concrete, such that, not only single admixtures, but also more
than one admixture, are used concurrently for the production
of concrete.
Additionally, variousmethods andmaterials are still studied
today to provide curing conditions in concrete production
[8–11]. The use of curing materials has become widespread,
lately, both for ease and to provide concrete quality.
In this study, some chemical curing materials, as providing
and facilitating the curing conditions of concrete, were
investigated, in terms of their effects on the compressive
strength values of concrete specimens produced with more
than one chemical admixture.
For this purpose, the effects of chemical curing materials
on the compressive strength of concrete were experimentally
investigated, by applying the curing materials to the concrete
specimens produced with more than one admixture, and
without any admixture. The results were compared with those
of concrete specimens produced under the same conditions but
cured in water, in order to determine which curing material
gave which sorts of result for which types of concrete.
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Table 1: Experimental results of aggregates [11].
0–4mm 4–11.2mm 11.2–22.4mm
Maximum grain size 4 11.2 22.4
Specific weight 2.67 2.69 2.70
Water absorption ratio (%) 1.38 1.06 0.74
Loose dry unit weight (kg/dm3) 1710 1690 1450
Compacted dry unit weight
(kg/dm3)
1810 1830 1570
Washable fine material ratio (%) 1.65 3.67 0.65
Table 2: Characteristics of cement [11].
Physical characteristics
Specific gravity (gr/cm3) 3.06
Volume constancy (mm) 2
Liter weight (gr/lt) 1000
Setting period
Initial setting (h:m) 02:30
Final setting (h:m) 03:30
Compressive strength (N/mm2)
2 days 24.3
28 days 43.9
Chemical characteristics (%)
CaO 1.40
SO3 3.04
Cl− 0.0032
Tras 10.23
Limestone 5.57
Ignition Loss 3.47
2. Experimental study
Thematerial properties of the concretemixture [12,13] used
in this experimental study are given in the following [11].
2.1. Materials
2.1.1. Aggregate
Of 0–4, 4–12 and 12–22.4 mm grain size aggregate used
in this study have been widely used in the prefabricated and
ready-mixed concrete sectors of the Konya Region for years.
The aggregate grade was designed as existing between the
curves of A32 and C32 and closer to the curve of B32 defined
in Turkish Standards [14,15]. The properties of these aggregates
are presented in Table 1 and Figure 1 [11].
2.1.2. Cement
CEM− II/A−M(P − L)42.5R type of cement in appropriate
to Turkish Standards was used to prepare the concrete
mixtures [16,17], whose physical and chemical characteristics
are given in Table 2 [11].Table 3: Analysis results of the water used in test mixtures [11].
Properties Water
specimen
Required
value
Liquid and solid oils None None
Detergents None None
Color No No
Suspended solid material None Max. 4 ml
Smell No No
Acids (pH) 7.92 ≥4.0
Organic material None None
Cl− mg/L 95.75 Max. 500
SO−24 mg/L 211.15 Max. 2000
Na2O mg/L 195.00 –
K2O mg/L 11.42 –
Total alkali in terms of Na2O equivalent 202.51 Max. 1500
Na2O+ 0.658K2O mg/L
Table 4: Technical properties of cold weather concreting admixture.
Density kg/l (at 20 °C) 1.23–1.27
pH value 6–10
Freezing point <−15 °C
Table 5: Technical properties of set retarding concrete admixture.
Density kg/l (at 20 °C) 1.19–1.22
pH value 6–10
Freezing point <− 3 °C
2.1.3. Water
The water used for mixing the concrete mixtures of the
experimental studies was potable and appropriate to the
Turkish Standards [18]. Analysis results of thewater used in test
mixtures are given in Table 3 [11].
2.1.4. Admixtures
The concrete specimens were prepared for experimental
study using four different chemical admixtures and their
various combinations [19]. These admixtures are [11]:
(a) Cold weather concreting admixture.
This complies with Turkish Code TS EN 934-2 [19]
(Table 4). It accelerates the concrete setting.
This type of concrete admixture is used to provide
concreting under cold weather conditions, especially when
conditions of sudden temperature decrease, slight frost
throughout the day and frost action throughout the night,
are expected. They are added to the concrete mixture by
adding them into the water mixture or by mixing them
directly with the just-made fresh concrete, having a low
slump [11].
(b) Set retarding concrete admixture.
This complies with Turkish Code TS EN 934-2 [19]
(Table 5).
Set retarding concrete admixtures retard concrete set-
ting by acting on the hydration between water and ce-
ment and are used to perform easy concreting under hu-
mid/windy climactic conditions [11].
(c) Waterproofing admixture.
This complies with the properties in Table 2 of Turkish
Code TS EN 934-2 [19] (Table 6).
Waterproofing admixture provides high levels of water
impermeability (against water jet or capillary water) in
concrete, decreases the water content of the concrete
mixture and increases its freezing-thawing resistance.
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Density kg/l (at 20 °C) 1.07± 0.02
pH value 6–10
Freezing point <− 2 °C
Table 7: Technical properties of high performance superplasticizer.
Density kg/l (at 20 °C) 1.07–1.11
pH value 3–7
Freezing point <− 9 °C
Table 8: Technical properties of paraffin emulsion based curing material.
Chemical structure Paraffin based emulsion
Density (kg/l) 0.96+ 0.02
Application temperature (°C) min+ 5
(d) High performance superplasticizer.
This complies with the properties in Tables 3.1 and 3.2
of Turkish Code TS EN 934-2 [19] (Table 7).
High performance superplasticizers are is generally
used for high strength concrete production to provide
fluent, workable high strength concrete by decreasing
the water/cement ratio, without making any reduction in
cement content or giving any concession to strength [11].
2.1.5. Chemical curing materials
2.1.5.1. Paraffin emulsion based curing material. The curing
material, obtained by dissolving paraffin inside water, using
an appropriate emulgator, has widespread uses in Turkey
for reinforced concrete slabs, highways, screed concrete,
industrial bases, terraces, slope walls, pre-stressed beams and
piles in hot climates. The application of the curing material
on the horizontal surfaces should be performed after the
disappearance of transpiration water from the surface of the
concrete and after completing all required leveling processes
(depending on temperature, thewaiting period should be about
0.5–2 h). Technical properties of paraffin emulsion based curing
material are given in Table 8 [11].
2.1.5.2. Hydrocarbon resin based curing material. This type of
curing material is formed by thermoplastic resins that can
dissolve with appropriate solvents. Evaporation of solvent
causes a weak and brittle film layer, which disappears from the
surface under mechanical effects and UV light. The application
of curing material on horizontal surfaces should be performed
after the disappearance of transpirationwater from the surface,
and after completing all required leveling processes (depending
on temperature, the waiting period should be about 0.5–2 h).
Technical properties of hydrocarbon resin based curingmaterial
are given in Table 9 [11].
2.1.5.3. Acrylic dispersion based curing material. The use of
acrylic dispersion based curing material depends on the
formation of an acrylic film layer on the concrete surface
as a result of the evaporation of water in the compound.
Since this curing material is a water-based material, it is
ideal for indoor use. The application of curing material
on the horizontal surfaces should be performed after the
disappearance of transpiration water from the surface and
completing all required leveling processes (depending on
temperature, the waiting period should be about 0.5–2 h).Table 9: Technical properties of hydrocarbon resin based curing material.
Chemical structure Acrylic based emulsion
Density (kg/l) 0.992+ 1.032
Application temperature (°C) min+ 5
Table 10: Technical properties of acrylic dispersion based curing material.
Chemical structure Resin-water based white
pigmented emulsion
Density (kg/l) 1.03± 0.02
Application temperature (°C) min+ 5
Table 11: Technical properties of acrylic resins.
Chemical structure Solvent based acrylic resine
Density (kg/l) 0.91± 0.01
Application temperature (°C) min+ 5 °C
Technical properties of acrylic dispersion based curingmaterial
are given in Table 10 [11].
2.1.5.4. Acrylic resins. This type of curing materials are applied
after being dissolved in appropriate solvents and a strong
film layer is formed by the help of solvent evaporation.
Acrylic resins are mostly used for construction of industrial
bases, terraces, slope walls, screed concrete, concreting in hot
climates, and irrigation channels etc. The application of curing
material on the horizontal surfaces should be performed after
the disappearance of transpiration water from the surface
and completing all required leveling processes (depending on
temperature, the waiting period should be about 0.5–2 h).
Technical properties of acrylic resins are given in Table 11 [11].
2.2. Experimental method
In total, four different concrete mixtures given in Table 12
were prepared using no admixture (first one), and more than
one admixture concurrently (the other three). 6 × 4 × 9 =
216 cubic test specimens were prepared by producing 6
concrete specimens (3 for 7-day and 3 for 28-day compression
tests) for each of 4 different types of concrete mixture,
9 different curing applications performed by water and 4
different chemical curing materials (paraffin emulsion based,
hydrocarbon resin based, acrylic resin and acrylic dispersion
based curingmaterials). Each curingmaterialwas applied to the
concrete specimens in two different ways.
1st curing application; all surfaces of the specimens
were covered with chemical curing material. Initially, the
transpiration water of the concrete disappeared, 1.5 h after
concreting, and, then, the curingmaterial was applied to the top
surface of the specimen. The vertical surfaces and the bottom
surface of the specimen were cured with the chemical curing
material one day after removal of the concrete specimen from
the mold (Figure 2) [11].
2nd application, after the disappearance of transpiration
water from the concrete surface occurred, only the top surface
of the concrete was subjected to curing material, and the
concrete was placed inside water after one day. Later, four
different chemical curing materials were applied, separately,
to each concrete mixture in two different ways. In total, nine
different curing applications were performed, by curing the
specimens in water and in chemical curing materials, in two
ways [11].
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Figure 2: The application of curing material [11].Table 12: The encodings (the labels) of the specimens according to the admixtures used for their production
and the curing materials applied on them.
According to the admixtures
1 Without admixture
2 Cold weather concreting admixture together with high performance superplasticizer
3 Set retarding concrete admixture together with high performance superplasticizer
4 Waterproofing admixture together with cold weather concreting admixture
According to the curing material
A Water
B Paraffin emulsion based
C Hydrocarbon resin based
D Acrylic dispersion based
E Acrylic resinFigure 3: 7-day and 28-day compressive strength values for the concrete
specimens cured in water.
All test specimens were cured at 20 ± 2 °C until the
experiment day was reached. So, variations in the compressive
strength of concrete, prepared using no admixture and four
different concrete admixtures, were investigated, by applying
two different methods with four different curing materials. The
concrete specimens were encoded (labeled), as in Table 12,
according to the admixtures used for their production and the
curing materials applied to them.
3. Results and discussion
As a result of the tests, when the concrete specimens
cured in water and prepared with more than one admix-
ture, for 3 different concrete mixtures, were compared with
concrete specimens produced without any admixture, the
7-day and 28-day compressive strength values presented
increases; maximum increases of 9% for 7-day and 27%
for 28-day compressive strengths were observed in 3/A
(Figure 3 and Table 13).Table 13: Percentage variations in compressive strength values of concrete.
Explanation Type of admix-
ture/curing
material
% variation of
7-day (fck7)
average
compressive
strength
% variation of
28-day (fck28)
average
compressive
strength
Taking 1/A
as the
reference
2/A 8% increase 14% increase
3/A 9% increase 27% increase
4/A 6% decrease 12% increase
Application of curing materials on the concrete specimens
produced without any admixture caused a reduction in 7-day
and 28-day compressive strengths, in comparison to those of
concrete specimens curedwith water. Themaximum reduction
of 17% in 7-day and 28-day compressive strength values
occurred for the Hydrocarbon Resin Based Curing Material
applied to all faces of the concrete specimens. Additionally,
the most favorable 7-day and 28-day compressive strength
value increases were, respectively, obtained as 2% and 5% for
the concrete specimens cured with Acrylic Resin Based Curing
Material on all faces (Figure 4 and Table 14).
When concrete specimens cured at all faces with a curing
material were compared with concrete specimens cured in
water, the 7-day and 28-day compressive strength values of the
concrete specimens produced using a ColdWeather Concreting
Admixture together with a High Performance Superplasticizer
(Table 12) decreased by an average amount of 10% (Figure 5
and Table 15). The decrease in compressive strength reached
a maximum percentage of 25% for the specimens cured with
Acrylic Dispersion Based Curing Material (2/D). Although
the results of specimens cured on only one face were,
approximately, identical with those cured in water, specimens
cured with Acrylic Resin Curing Material on all faces displayed
similar compressive strength values to those cured in water.
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Explanation Type of
admixture/curing
material
Curing method % variation of 7-day (fck7) average
compressive strength
% variation of 28-day (fck28)
average compressive
strength
Taking 1/A as the reference
1/B All surfaces 5% decrease 5% decreaseSingle surface 4% decrease 4% increase
1/C All surfaces 17% decrease 17% decreaseSingle surface 5% decrease 3% decrease
1/D All surfaces 8% decrease 4% decreaseSingle surface 8% decrease No variation
1/E All surfaces 2% decrease 5% increaseSingle surface 7% decrease 2% increaseTable 15: Comparison of second condition results among the group.
Explanation Type of
admixture/curing
material
Curing method % variation of 7-day (fck7) average
compressive strength
% variation of 28-day (fck28)
average compressive
strength
Taking 2/A as the reference
2/B All surfaces 18% decrease 20% decreaseSingle surface No variation 5% decrease
2/C All surfaces 9% decrease 10% decreaseSingle surface 1% increase 5% decrease
2/D All surfaces 25% decrease 20% decreaseSingle surface 3% increase 3% decrease
2/E All surfaces 4% decrease 5% decreaseSingle surface 1% decrease 1% decreaseFigure 4: Graphical comparison of first condition results among the group.
Figure 5: Graphical comparison of second condition results among the group.
Therefore, the Acrylic Resin Based CuringMaterial can be said to
be the most appropriate curing material for concrete mixturesFigure 6: Graphical comparison of third condition results among the group.
produced by using the Cold Weather Concreting Admixture
together with the High Performance Superplasticizer (2/E).
When the concrete specimens cured on all faces with a
curing material were compared with those cured in water,
the 7-day and 28-day compressive strength values of the
concrete specimens produced by using the Set Retarding
Concrete Admixture together with the High Performance
Superplasticizer (Table 12) decreased by an average amount
of 8% (Figure 6 and Table 16). The decrease in compressive
strength reached a maximum percentage of 28% for specimens
cured with Paraffin Emulsion Based Curing Material (3/B).
Although the results of specimens cured on only one face
were, approximately, identical with those cured in water,
the specimens cured with Hydrocarbon Resin Based Curing
Material on all faces displayed similar compressive strength
values with those cured in water. Therefore, the Hydrocarbon
Resin Based Curing Material can be said to be the most
appropriate curing material for concrete mixtures produced
using the Set Retarding Concrete Admixture together with the
High Performance Superplasticizer (3/C).
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Explanation Type of
admixture/curing
material
Curing method % variation of 7-day (fck7) average
compressive strength
% variation of 28-day (fck28)
average compressive
strength
Taking 3/A as the reference
3/B All surfaces 28% decrease 23% decreaseSingle surface No variation No variation
3/C All surfaces 9% decrease 8% decreaseSingle surface 2% decrease 1% decrease
3/D All surfaces 5% decrease 10% decreaseSingle surface 3% decrease 2% decrease
3/E All surfaces 8% decrease 12% decreaseSingle surface No variation 2% decreaseTable 17: Comparison of fourth condition results among the group.
Explanation Type of
admixture/curing
material
Curing method % variation of 7-day (fck7) average
compressive strength
% variation of 28-day (fck28)
average compressive
strength
Taking 4/A as the reference
4/B All surfaces 24% decrease 29% decreaseSingle surface 3% decrease 2% decrease
4/C All surfaces 6% decrease 11% decreaseSingle surface 2% decrease 3% decrease
4/D All surfaces 29% decrease 21% decreaseSingle surface No variation 1% increase
4/E All surfaces 26% decrease 18% 1decreaseSingle surface 1% decrease 2% decreaseFigure 7: Graphical comparison of fourth condition results among the group.
When concrete specimens cured on all faces with a curing
material were compared with those cured in water, the 7-day
and 28-day compressive strength values of the concrete spec-
imens produced using the Waterproofing Admixture together
with the Cold Weather Concreting Admixture (Table 12) de-
creased by an average amount of 20% (Figure 7 and Table 17).
The decrease in compressive strength reached a maximum
percentage of 29% for specimens cured with Paraffin Emul-
sion Based (4/B), Acrylic Dispersion Based (4/D) and Acrylic
Resin Based (4/E) Curing Materials. Although the results of
specimens cured on only one face were nearly identical to
those cured in water, specimens cured with Hydrocarbon Resin
Based Curing Material on all faces displayed similar compres-
sive strength values to those cured in water. Therefore, the
Hydrocarbon Resin Based Curing Material can be said to be the
most appropriate curing material for concrete mixtures pro-
duced using the Set Retarding Concrete Admixture together
with the Cold Weather Concreting Admixture (4/C).
After evaluating all results, the outcomes of Hydrocarbon
Resin Based CuringMaterialwere observed to be somuch closer
to those of the ones cured in water.After applying chemical curing materials on the concrete
surface, the concrete’s external surface became brittle and
sudden cracks occurred on these concrete specimens, as
compared to specimens cured in water. Therefore, since the
concrete specimens were faced with more deformation under
compression, large ruptures were observed on the concrete
surfaces. The number of plastic shrinkage cracks considerably
decreased for specimens cured with chemical curing materials
in comparison to those cured in water [20].
4. Conclusions
In conclusion, each chemical curing material used in this
study presented various results, differing from each other, for
concrete specimens produced with no admixture and different
chemical admixtures. While curing material increases the
strength of concrete produced with any type of admixture, it
can reduce the strength of concrete producedwith another type
of chemical admixture. Alternatively, a curing material giving
appropriate results for concrete specimen produced without
any admixture can give inappropriate results for concrete
produced with chemical admixtures. Therefore, the type of
curing material that presents favorable results for concrete
produced, together with which type of chemical admixture
used should be determined by making preliminary tests in
the laboratory, and the best results should be selected as
the concrete mixture that will be used for the application.
As a result of this study, it can be said that favorable
results can be obtained for concrete produced with chemical
admixtures when it is cured with the most appropriate curing
material.
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